Abstract-Traffic jams and traffic accidents have become a major concern in current society. VANET (vehicle ad hoc network) is an emerging attractive application to solve such problems. Quality of service (QoS) in VANET becomes a hot topic own to its increasing challenge about unique features, such as limited transporting distance, high mobility, and poor link quality. The main goal of this paper is to analyze the main quality criteria among popular routing protocols with an integrated VANET test bed. Typical topology-based routing protocols are reviewed. To study QoS performance of different protocols, evaluating models of frame loss ratio, PSNR and connectivity probability are illustrated. Three typical routing protocols: DSDV, AODV and GPSR are chosed to testify the QoS according to the statistics result of video transmission over VANET testbed. QoS performance is analyzed under several conditions of different distance of routing data transmission and vehicles' arriving rate. Test results show that Pro-active protocol is not suitable for high mobility VANET, and Position-based hybrid protocol is more suitable for video transmission over VANET than Re-active protocol. Comparing with other research, the result shows that our model is better and more efficient for the evaluation platform.
I. INTRODUCTION
Two urgent traffic problems have become a major concern in current society. Firstly, traffic jams have global economic and environmental impacts since that cause more and more attention to traffic delays and fuel wastage, which need intelligent transport management technology to optimize traffic. Additionally, road traffic accidents have become as a killer worldwide, which make transport safety warning technology very important. As a solution, 5.9 GHz Dedicated Short Range Communication (DSRC) technology is applied for vehicular communications, and Vehicular Ad Hoc Network (VANET) is developed widely for traffic safety, transport efficiency and information service [1] .
VANET is a form of Mobile ad-hoc network (MANET), to provide communications with DSRC among vehicles and nearby roadside fixed equipment [2] . These roadside units open up a wide variety of services for vehicular networks such as acting as a drop point for messages on sparsely populated roads, serving up geographically-relevant data, or serving as a gateway to the Internet. VANET can play a key role and broadcast useful information to the vehicles in the vicinity in the future. It can be used to not only solve traffic safety warning, but also traffic information inquiry, commercial advertisement and so on.
The most of the important applications is driving assistance. Adjacent vehicles can share road information video and traffic information video with each other, which are got from inter-vehicle equipment and roadside facilities. With these videos, moving vehicles can understand road information and traffic information around. In case of a car accident in the distance, accident avoidance warnings could quickly notify drivers about conditions that could cause a collision. Vehicles that are driving towards this area can receive live video about this area, and then drive with alert or simply choose another road. Cooperative driving would allow vehicles to navigate without driver intervention by communicating with other vehicles about velocity, proximity, and other factors. Communication made to other vehicles prior to collision may allow the accident to be reconstructed more easily [3] . Rescue vehicles could instantly receive exact coordinates of the location of an accident to reach the scene of the emergency faster. Furthermore, information about traffic and road hazards could be acquired and fed into vehicle navigation systems in real-time to provide alternate driving routes.
Furthermore, commercial and entertainment applications become an attractive tendency. Road side businesses, such as hotels and restaurants, can use content-rich video streams to broadcast advertisements to drivers on the road. Passengers in nearby cars can setup a video conversation by using the inter-vehicle streaming technology [4] . Drivers or passengers could also enjoy watching live news or football match, while the video data is conveyed by other relay vehicles.
In whatever applications, VANET routing has been a very crucial research topic. Traffic management applications require data dissemination in a multi-hop network in different geographic locations to alert other vehicles regarding traffic situations. On the other hand, commercial applications require unicast routing. However, VANET has faced the big challenges on stability, efficiency, scalability of network since that routing protocols developed for MANET show degraded performance in vehicular scenarios. VANET has its unique characteristics which may make data link disable [5] , such as limited transporting distance, high mobility, distributed nature of operation, poor link quality and varied channel conditions. Such particular features often make standard networking protocols inefficient or unusable in VANETs, whence the growing effort in the development of communication protocols which are specific to vehicular networks. In a VANET, quality of multimedia data transmission is more difficult than other wireless networks, such as Ad Hoc network, wireless sensor network and general MANET.
The main goal of this paper is to analyze the main quality criteria among popular QoS routing protocols and to find a QoS validated route between highly "on mobile" vehicles with an integrated VANET test bed. its evaluation models will be proposed and a simulation tool, VANET-Evalvid will be designed to evaluate the quality of video transmitted over VANET in a more realistic environment. With analysis of network performance of video communication in dense traffic scenario or in sparse traffic scenario, we try to decide which is the key factors of QoS performance in terms of frame loss ratio, PSNR and connectivity probability.
The rest of this paper is organized as follows. Three kinds of topology based VANET routing protocols: Proactive, Reactive and Hybrid Protocols are reviewed in Section 2. Section 3 proposes three main evaluation models and designs a simulation platform for evaluating video transmission performance in VANET. Section 4 simulates video communication and analyzes the experimental results. Section 5 gives the concluding remarks finally.
II. TYPICAL VANET ROUTING PROTOCOLS
VANET involves vehicles travelling in a wide area at high speeds resulting in rapid network topology changing, and so presents challenges to efficient and reliable message dissemination. The special features of VANET include: non-uniform node distribution, lack of a centralized administrative entity, fragile link topology, dynamic changes in node density, large scale and stringent real time delay requirements, and the impact of driver's behavior on network topology [6] . Those features make it is very hard to provide suitable QoS service for VANET, the key technology is about routing.
A vast number of protocols have been developed to cater for VANET specific reliability requirements. In VANET, the routing protocols are classified into five categories on the basis of area/application where they are most suitable: Topology based, Position based, Cluster based, Geocast and Broadcast. The definitions of these fives categories may overlap.
Topology based routing protocols which use links information of network to perform packet forwarding are mainly studied in this paper. They are further divided into Proactive, Reactive and Hybrid Protocols [7] . Typical protocols are classified as shown in Tab. 1.
In this section, three routing protocols: DSDV, AODV, GPRS are analyzed, which are chosen from typical classes respectively. OLSR [8] (Optimized Link State Routing Protocol) is an optimization of a pure link state protocol for mobile ad hoc networks. Each node in the network selects a set of neighbor nodes called as multi-point relays (MPR) which retransmits its packets. The neighbor nodes which are not in its MPR set can only read and process the packet.
MOPR [9] is a movement prediction-based routing, which optimizes the procedure of selecting the MPR (Multi-Point Relay) sets in OLSR routing protocol as well as that of determining the optimal path from each pair of vehicles.
GSR [10] (Geographic Source Routing) is improved to use in VANET scenario by incorporating in to it greedy forwarding of messages toward the destination. If at any hop there are no nodes in the direction of destination then GPSR utilizes a recovery strategy known as perimeter mode.
DSDV [11] is a table driven algorithm based on Bellmen-ford routing mechanism. In this protocol, every mobile node maintains a routing table in which all of the possible destinations within the network and the number of hops to each destination are recorded. Each entry is assigned a sequence number by the destination node. The sequence numbers enable the mobile nodes to distinguish stale routes from new ones, thereby avoiding the formation of routing loops.
Proactive routing protocols tend to update routing information periodically, which perform satisfactorily in city environments (with low mobility) but shows degraded performance in highly mobile and dense scenarios when compared with reactive routing protocols. The advantage of proactive routing protocols is that there is no route discovery since the destination route is stored in the background, but the disadvantage of this kind of protocols is that it provides low latency for real time application.
B. Reactive Routing Protocols
Reactive routing opens the route only when it is necessary for a node to communicate with each other. Reactive routing consists of route discovery phase in which the query packets are flooded into the network for the path search and this phase completes when route is found. Reactive routing protocols are very popular in mobile ad hoc network. The various types of reactive routing protocols are AODV, S-AODV, PAODV, DSR.
DSR (Johnson, 1996) uses source routing to indicate the sequence of intermediate nodes on the routing path, which is not suitable to high mobility VANET.
AODV minimizes the number of required broadcast by creating routes on an on-demand basis to improve the DSDV based protocols. When a node wants to send a message to another node with an invalid route, it initiates a Path Discovery process to locate the destination node at first [12] . It broadcasts a route request (RREQ) packets to its neighbors, which then forward the request to their neighbors, and so on, until either the destination or an intermediate node with a newly route to the destination node.
Some VANET specific AODV extensions have been also proposed. The S-AOMDV [13] protocol combines speed with hop-count as a routing metric and shows improved performance in VANET. Prior AODV (PAODV) [14] routing protocol restricts the number of discovered routes to nodes between threshold distance and transmission range in order to reduce routing overhead.
C. Hybrid Routing Protocol
The hybrid protocols are introduced to reduce the control overhead of proactive routing protocols and decrease the initial route discovery delay in reactive routing protocols. The various types of reactive routing protocols are: GPSR, GPSR-L, GPCR, GpsrJ+.
Greedy Perimeter Stateless Routing (GPSR) [15] uses a greedy forwarding technique that selects next hop which is closest to the destination. Each node in GPSR keeps states from immediate neighbors and uses only those states for data forwarding. Forwarding nodes run greedy mode routing, which firstly selects a node whose distance to a destination is shortest among all immediate neighbors and then drives the routing nodes to forward data to the destination node. If there is no neighbor whose distance to destination is greater than distance from forwarding node to destination, forwarding node runs perimeter mode routing. The state is geographic position that all sensor nodes can self-configure through GPS or others location devices. Source node propagates data with the position of destination to vehicle ad hoc network.
GPSR with Life time (GPSR-L) [16] improves the performance of GPSR by selecting the next hop neighbor with good link quality and a nonzero life-time. Greedy Perimeter Coordinator Routing (GPCR) [17] further improves the repair strategy of GPSR. GPCR uses nodes situated at junctions to decide which street the information should traverse in order to reach next junction and finally destination.
Subsequently, the furthest node is selected as the next hop to forward the information. This way GPCR outperforms GPSR in city environments where interference is higher. Authors in [18] proposed prediction based GpsrJ+ to improve the recovery strategy of GPCR. GpsrJ+ outperforms GPCR and GPSR in terms of packet delivery ratio and hop count.
In order to apply a suitable routing protocol for VANET, or design an efficient routing protocol, we choose these three typical protocols to study their performance of multimedia data transmission in highway scene.
III. EVALUATION MODEL AND TEST BED
There are two approaches to support video transmitted over VANET: V2V (Vehicle to Vehicle) approach and V2I (Vehicle to Infrastructure) approach. In this paper, we are interested in investigating the problem of supporting video transmitted over VANET using the first approach, because the first approach doesn't need any roadside infrastructure, it's easier to deploy. In this section, we mainly present an evaluation model, and design a simulating platform to evaluate performance of quality of multimedia under different routing protocols.
Many literatures have done some research on video transmission over VANET ( [19] ). Since our goal is to evaluate the quality of video transmitted over VANET under different traffic conditions and different routing protocols, we mainly consider following characters:
1) Wireless channel quality can be easily affected by many factors, including street construction, road conditions, vehicle type and so on;
2) High dynamics of mobile nodes, which may incur frequent link disconnection and even network partition;
3) Application background is totally different from general Ad hoc network, while VANET is specially designed to achieve multi-hop communication between vehicle-to-vehicle and vehicle-to-Infrastructure on road.
So, we have to set a suitable evaluation model and then evaluate the quality of video transmitted in a realistic simulation environment [20] . In order to better match the reality, we use real video data and realistic vehicle mobility traces to evaluate the performance of video transmitted over VANET.
A. Evaluation Models
In this paper, we use two important performance parameters to evaluate the quality of video transmitted over VANET: Frame Loss Rate and PSNR.
1) Frame Loss Ratio Model
The frame loss rate is a fundamental criterion of performance evaluation. In video streaming, a single video frame is decomposed into many smaller packets and sent into the network, so decoded video quality at the receiver is affected by two factors: encoder compression performance and distortion due to the packet loss or late arrivals.
Based on the model in [13] , the video distortion can be modeled as:
The encoder distortion can be modeled by:
Where R is the rate of the video stream, and the parameters, 0 D and 0 R are estimated from empirical rate-distortion curves via regression techniques.
In this paper, we mainly care about the packets lost rate, represented by criterion loss D . If the percentage of lost packets excesses the bound of error correction, the receiver cannot playback this frame. Similarly, if the packet arrival time is later than the playback deadline of the corresponding frame, it will also be dropped by the decoder in receiver cache. Therefore loss D can be modeled by:
lose loss delay
In our study, we consider the Frame Loss Rate as the performance parameter based on (1). We use a video file "foreman.yuv" which has 400 frames, which contains 45 I frames, 89 P frames and 266 B frames. For each frame type, we measure the lost frames separately, and then we calculate the percentage of the overall frame loss. Overall Frame Loss Rate %= (Lost I frames + Lost P frames + Lost B frames) *100 /Total Number of Frames.
2) PSNR model Peak Signal-to-Noise Ratio (PSNR) is an important criterion to measure the error of image between the reconstructed and the original frame by frame. The PSNR has become the most widespread objective metric used to assess the application-level QoS of video transmissions [21] .
For frame n, its PSNR between the source image S and destination image D is defined by PSNR model as:
[ ] (2) The distribution of cars' velocity: in free traffic status, the distribution of cars' velocity is under the probability density function:
in which, u is the average velocity, σ is the shift of velocity. So, the distribution of separation distance of different cars satisfies:
Where, / 
where N is the hops of distance from the source to the destination.
B. Test Bed
To evaluate the performance of video transmitted over VANET, we propose a simulation testbed called VANET-EvalVid as shown in fig. 2 . This tool-set integrates myEvalvid [21] , and VanetMobiSim [22] . MyEvalvid is a tool-set for evaluating the quality of video transmitted over a real or simulated communication network, which combines Evalvid and NS2. VanetMobiSim is a tool for generating realistic vehicle mobility trace file. 2) Video Encoder and Video Decoder: These coders are used to convert the video file from YUV format to MPEG4 format at the sender side and transfer it back to YUV format at the receiver side. Presently, EvalVid supports two MPEG-4 codecs: NCTU codec and ffmpeg. In this study, we apply ffmpeg for video coding.
3) Fix Video (FV): since video frames are compared frame by frame, the total number of video frames at the receiver end must match that of the original video at the sender end. If there are missing frames that video codec cannot be decoded, the FV is responsible for fixing them by substituting the last successfully decoded frame for each lost frame. 4) Evaluate Trace (ET): the ET component is responsible for the evaluation task. A evaluation begins at the sender side when the video transmission finishes. Information for delivering video packets is transported back to the sender side on a certain route. The ET generates a report of video frame/packet delay, frame/packet loss, and frame/packet jitter by comparing the trace files, which includes the original encoded video file, the video trace file, the sender trace file and the receiver trace file. In addition, the ET also creates a reconstructed video file, corresponding to the possible corrupted video frame at the receiver side. Generally, the generation of the possible corrupted video is a process of copying the original video trance file frame by frame and omitting frames indicated as corrupted or lost at the receiver side. 5) VanetMobiSim: this component is responsible for generating vehicle mobility trace file used as the mobility trace file in NS2. it is a simulation tool designed for generating vehicle mobility trace file, which supports both macro-mobility and micro-mobility representation to defined mobility models. The macro-mobility models is mainly used to define the characteristic of the roads, as lines, speed limit, traffic signs, etc.. Using the different options VanetMobiSim offers, we can define different types of scene about road status, vehicle number, driving speed and so on. The micro-mobility models include Intelligent Driver Model with Intersection Management (IDM-IM) and Intelligent Driver Model with Lane Changes (IDM-LC). IDM-IM is used to define the behavior when the driver is at the intersection, while IDM-LC is used to define the behavior when the driver is changing lane.
The communication interfaces: the interfaces between myEvalvid and NS2 are given by MyTrafficTrace MyUDP and MyUDPSink in test bed. (1) MyTrafficTrace is response to read the video trace file and extract the video frame type and the video frame size. Furthermore, MyTrafficTrace fragments the video frames into smaller video packets and sends these packets to the lower layer at the appropriate time according to the time settings in the simulation script file. (2) MyUDP enhances the original UDP component in NS2. This interface allows users to designate the output file name of the sender trace file; moreover, it also records the information of transmitted video packets, like the packet id, the timestamp, and the payload size. (3) MyUDPSink is a receiving agent for video packets sent by MyUDP. When receiving a video packet, it records information from the transmitted video packet, such as the packet id, the timestamp, and the payload size.
IV. SIMULATION AND ANALYSIS

A. Simulation Scenario Setup
We setup a scenario of transmitting real video data over a 2km road with a single-directional double lanes, which is generated by VanetMobiSim. Vehicles on the road can react according to the vehicles ahead, like changing lanes. Two different traffic environments is constructed for well-distributed traffic scenario and random-distributed traffic scenario, which are sparse and dens. Then we use the simulation tool-set introduced in section 3 to evaluate the quality of video transmitted under three different routing protocols. Main simulation parameters list in Tab. III. The video file used in this test is foreman.yuv containing 400 frames, which average PSNR is 34.89. According to DSRC in [23] , we set the bandwidth 6Mbps and the communication range 300m. In our experiments, we mainly compare three different routing protocols: DSDV, AODV and GPSR, which introduced in section 2.
The main simulation step is as follows: video data is transmitted over a sparse traffic environment and a dense traffic environment separately to test performance in different scenarios. In each test, by changing the speed of vehicles, the quality of video transmitted under different routing protocols can be measured. The video starts at 0.0 second and the simulation lasts 100 seconds.
B. Simulation Results and Analysis
1) In well-distributed traffic scenario In this simulating scenario, all cars are well-distributed on the road. Figure 3 and Figure 4 shows the performance comparisons of 3 typical protocols when distance between sender and receiver has different hops. From this test result, DSDV is not suitable to VANET, since its proactive route does not adapt for the high mobility of vehicles. 5 shows that rising of hops between the source (the sender) and the destination (the receiver) results in lower connectivity at the same arriving rate, but the connectivity probability increases with the arriving rate of vehicles, since the density of vehicles in the network increases with the rate, which assures the link state. And if the arriving rate is high enough, the connectivity probability will get stable.
When the traffic is sparse, we suppose that: the average velocity of cars V is 20m/s, and the arriving rate λt=0.3 vehicles/s, all cars distribute on a 2km road. From the results in fig.6 and fig.7 , the Frame Loss Rate of DSDV increase greatly with the increase in vehicle speed and the video in DSDV cannot be reconstructed when the distance is more than 40 hops, while GPSR protocol plays best. The network is more likely to disconnect with the increase in vehicle speed, so the Frame Lost Ratio of different protocols is the biggest. Figure 7 shows the average PSNR in AODV and GPSR are all greater than 32dB. it indicates that the quality of received video is at the excellent level. When the traffic is dense, we suppose that: the average velocity of cars V is 20m/s, and the arriving rate λt=0.9 vehicles/s, all cars distribute on a 2km road. From fig. 8 and fig. 9 , DSDV protocol can't serve the video transmission when the distance is more than 40 hops. GPSR protocol plays best, with the increase in vehicle speed. The simulation result shows that Position-based protocol can better handle the video transmission over high mobility scenario. The main reason is that the position-based protocol does not rely on the maintained neighboring information which is likely inaccurate in high mobility scenario.
From the above result and analysis, three class routing protocols play quite different in VNET. Proactive protocols such as DSDV have considerable difficulties in maintaining valid routes, and lose many packets because of that. With increasing mobility, it strives to continuously maintain routes to every node increases network load as updates become larger. The rapidly changing routes through the fast vehicle nodes are required for inter-group traffic and are fairly long. So such protocol cannot adapt well to such fast route changes. In reactive routing protocols like AODV, uncontrolled flooding messages generate redundant transmissions, which may cause broadcast storm problem, and the network scalability suffers from the increasing administrative load as the number of vehicle nodes grows. Since the forwarding node tries to find a node that is as close as possible to the location stored in the packet header if a routing is in greedy mode, where it simplifies the check if the destination node is in its neighborhood. The simulation results also show that the quality of video transmitted in dense traffic scenario is better than that in sparse traffic scenario, which is similar within [24] . This result is quite similar with other research, and it testifies our model correct and efficiency of evaluation.
V. CONCLUSION AND FUTURE WORK
In this paper, we presented three main evaluation models of QoS performance: frame loss ratio, PSNR and connectivity probability, and we designed a simulation platform of video communication over VANET. With the integration of simulation platform, researchers can easily evaluate the quality of video transmitted over VANET and analyze their designed mechanisms, such as network protocols or QoS control schemes in a realistic simulation environment. We created two different scenarios to test the performance of multimedia data transmission under different routing protocols. From the test result and its analysis, Pro-active protocol is not suitable for video transmission over VANET, and Position-based protocol is more suitable for video transmission over VANET than Re-active protocol, and it also illustrates scalability of different protocols. In the future work, we'll compare more protocols to choose a better routing protocol for video transmission over VANET. The result testifies the correctness of our model and the efficiency of evaluation platform.
